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[Figares referredts hersin are appecded./

There are e great number of geophysical phenomena which are accompanied by
very weak variations of the intensity of the earth's magnectic field. Among
. R those ars, firat of all, phen~mena conneoted with changes of ionization of the s S -
(e RO apper atmespheric layer, and alao phanomena vhich can be determined by changee . -
- in magnetizetion of the upper strata of the earth’s orust,

As an example of the first group of phenomena, ve may point to ths magnetic
effect of a solar aciipse, which geophysicists ani astronomers have been
trying to obgserve and measure during the past 50 years. There 1s no accurate
aococount of ths extent of this effect. Howaver, there are indlocations (e.8.
. _ by Chapman) of the upper and lower limits: from 2-3 up to 14-19
. sl R ' Consequontly, the total effe.t of a golar eclipaa 1s considerably less thun
g ' the dally variations of the earth's magnetism and, considering the sensitivity
of the precent magnetometric instruments, 1t cannot be clearly detactsd,

R ) The sensitivity of variometrical instruments, intended for registering
E ' . ~ariations of the earti's magnetism, is at the moment betwean the limits
of two to foury~ to L millimeter of the soals. As we know, modern variometers
ars based on the magnet:etatic prinsiple; a permanent magnet suspsnded on
N a toreicn device indicates the changes of one or another alemsntof tke earth's
v P magnetic fisld. This principle does not permit the seneitivity of the
o variometrical instruments to incremss to such an erteat that they could bs
need for registering very weak changes in a magnetic fleid.
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It ia, hovever, po3sible to destest small changss ip the intemsity of the

"field, by measurlbg thé chidges of ‘& magmetic curreal through a’large industion
coil with a fluxmeter. .

The method we suggest ie basically aa tollows: take a large coil of inaniated. .
wirs and plage it in the sarth'e magnetic fleld; then any change in the intemsity
of the earth’s magnetic field wili changs the magnetic current through uhe ‘cotl,
Snch ohsnge of curreat will be proportional to the surface of the ocoil and the
numbsr of turns. Let us suppose that we take a opil with a surface of oms miliion
square centimetemand cé’aith & noaber of turns equaling 100. In that case the conmstant
of the ooil will be 10 squere centimeters.

If the intemsity of the earth's field 1s changed by one gamma, the magnetic
current through the cofl will chasge by 1,000 maxwell. Thie quantity can easily
be determined by fluxmsters. : ’

If we connect such a coll with a sensitive fluzmeter, weak changes of
the msgnstic field ocan bs determined by the clted devlca. The magnetometric
station of the Geophysical Inatih(}.te was designed on this principle.

This station was originally built in 1955 at the suburban base cf the

magretic laboratory. It was intended that construation be completed by §

JR)y 1945 to determine the magnetic effect of the solar eclipss with the

nev appuratus. Hovever, the station had mot been occmpleted by that time -

and it vas only possible to test the usefulness of the principle 1tself without
proving its acouracy. We were nsvsrihoeless able to show that the method
yeforred to had unlimited possibilitiss with regard to inoressing the
sensitivity of equipment for obeerving slighkt variations of the earth's -
magnetioc fleld.

During the next 2 years we improved the equipment and we nov have ©
station which works alrost antomatiocally, and wvhich makes it possible to
ragister exceptionally fine obanges of the magnetic field.

As an example of the work being done, we oite the synshronous recordings
of changes in the magnetioc field made at our station and at the station of the
Institute of Ferrestrial Magnetisn at Kraspaya Pakhra (Figure 1). At our
station the recordings vere made with two coilat &.large one with 36
turns, and a small one witk two turns. The scale of the revordings ia showo
on the left. By comparing the sosles, ws see that the sensitivity cf the
large coll at our station is approximately 100 times greater than that of
the recording device at the Institute of Terrestrial Magnetism. ’

In comparing the thres recomings shown in the diagram, we mus . loep in
mind that the zero liuss of the recordings at our station do not appoar as gtraight
lines; thezrefore, 1f the highest and lowest points of all three curves coincide,
their relation to the zero lines, shown in the dlagram as stralght lines, does
not always ocincide (The genersl plen of the geomagnetioc station 15 shown
in Figare 2.)

e dotted rectangio 1o uhe diagram shows the induotion colls. which are
susceptible to changss in the fisld. They are located approximately one
K loxeter fiom the station buillding in the woods, apd are made of lead-covered,
19-core cable, placed in the earth at a.depth of 0.5 meters. The dianeter
of the colls is 100 meters; the large coii has 36 turns, the amall ons 2
turns. The oolls ars conusoted by ocable with the station building vhere
the sensitive fluxmrteps are located. The totsl surface of the turns of ihe
large coil is 2,827-10° square centimoters, and che total surface of the turna
of the amall ooll {s 1.5710° squars ceatimoturs. The sensitirsity of the
flaxmeter cooneotsd with tae larwex ocoil 1s 37h maxwell to 1 miilimater of tie
gcale, and the sensitivity of the fluxmeter oonneuted with the small coil
1s 250 moxweil to 1 millfaster of the asoals.

CONFIDENTIAL

'

(4

Sanitized Copy Approved for Release 2011/06/24 : CIA-R_DP80-O809A000600210078-3




-

| Sanitized Copy Approved for Release 2011/06/24 CIA-RDP80-00809A000600210078-3

S0X1-HUM -

CONFRRNTIAL

- The conshants of the fnductioi colls and the -gensitlvity of the fluxmeters
insure the sensitivity of the entive apparatus to changes in the earth's magnetic
Pield as followe: for ths large coil a senbitivity of 1.32 « 10-7 cersted to 1
millimeter of the scale, &nd for the small ooil 1.59 -« 10-6 o 1 millimeter 97 the
soale, with an accuracy of£135 perocent. In other words, the sensitivity of our
nmagnetis atation ls two degrees higher than“that of the magnetostatic Lnstrumente
used at the best mndern geophysical-magustic stations.

The coil-fluxmeter system, therefore, frivms the basis of our method for
detecting and measuring slight varlations of the earth's magnetic fleld.

For the purpose cf reglstering changes in the fleld thers ia inatalled at
the station an swtomatic recording device with a tims indicatur. On the left
slde of Figure ? L& shown a fluxmster with an 1lluminator, and on the right
sido a self-recording device, where the changes in deflection of the light
inilostor of the fluxmster are recorded on light-sensitive paper, moving et a
constaut speed.

The size of the scale of the melf-recording device 1s 16 centimeters. For
this reason it is possible to register changes in the field, on the sntire
lenfrth of the scale with a quantity of only oae , 88 8 higher degree of vari-
ations in the fleld would place the light indicator of the fluxmeter outi.ds
the range of the scale. In order to extend the range of the resordings, as ths
1lght ipdicator approaches either edge of the soale,' the direction of the curreat
in the oircult of coll-fluxmeter is raversed and Lhe light indicator goss to the
other side, continulng to record the oorresponding changes in the field. By
the prooess of switohing the ourrent, we have widened the range of the scale
considerably; with ipatruments of such great sensitivity we can reoord any degree
of variation in the magnetic field, up to tens ard hundreds o>f gammas,-

The true values of the variations are, of course, obtained throngﬁ furthey
proooesing of the photo-reoording. This involves taking out the recording at the
placea where the current was evitohed and determining its raage.

During the early stage of the work at tho etatioa, the observer followed the
i{ndioator o= the svals and. at the appropriate moment, sultohed the ourrent.
When work is oomv.auous, sush a procedurs beoomes tiresoas, and 1% was suggested
that the ourrent switohicg be made autematio, by means of a photovell. The photo-
cells are imstaliod at the edges of the soale and they aulomatioaily ocut in the
relay, switohing the ourrent in onme or the other direotlon, as soon as the photo-
ceil 1a touched by the light indioator of the fluxmster.

The self-recording devicc operates st several spceds and can shift the tape
at & speed of 1.3 millimeters to 26 centimsters per minute. This makes it
possible o reocrd very rapid varlations of the earth's field. Figure 3 abows
part of tha tape reoording of variations in the earth's field. The photographic
recording also alvays indicates time intervals with the aid of a simple device
operating from an electric olock (Figure 2).

A magnetometrio device with such wansitivity sctualiy enables ue to record
miaute changes i the earth's magnetis field. We were convinced of this
possitility during the early stage of our work at he station when it was partially
completed (9 July 19¢5) (Figure & shows the processed magnetogram of the earth's
f10l1d during a solar eclipse.).

As the a'roult of the coll-fluxawtsr, at tbat time was polymatalllo, parasitio
thermo-eleotromotive forses could ooour. This affested thy exact quantitative
results of the recoxdings; however, the magnetogram undoubtedly reoords the quali-
tative character of the changes in the flell during eclipee. In as much as ve
knov the moments of corpusoular and lorospheric eclipse for photons, we could
occapare changes in the field with these coments.

The only conciusion to be made from this cbeervation is as Zollovs: at the
time of corpusoular and lonospheric eolipsss the vartical componsat is increased,
and at the ssme time this increase 1s oonsiderably less for corpusoular evlipsss
than in the caso of an loanospheric eclipse.
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Before the cbservation of the solar eclipse there was a heavy thunderstorm. . ...,
' At every discharge of lightning the intemsity of the magnetic field was
d. This magnetic effect the lightuing cculdd be recorded om cwr self-
roccrding device. At this time two colls were in operation for reglstering .
changes of the vertical and horizontal compenents of the magnetic fleld
(Figure 5 shows a record of-changes in the field during d{soharges of
lightning ),

As seen from the scale, these changsa rangs as low aé a tenth part
of a gamss, for comparatively distant discharges of lightning. For near
discharges, the change in the f£ield was very grest and the fluxmeter
indicstor extendsd beyond the soale. It 18 interesting to'note that in some
instances;, afler a powerful discharge of lightning, the degres of intensity
of the magnetic field did not return to 1ts original value.

In 1946, during the night of 9-10 Cotober, 1t vas anticipated that the
earth would pass through a meteorite shewer. We meant to determine whether
this phenomsnon would be accompanied by changes in the megnetic field. The
station operated all night and the reccrdings &~ shown oa Figurs 6.

‘This inorsass of the vertiocal gomponent began arcumd 0200 on 10 October;
having reached e certain point, this inorease remsjiped permenent unti) 12
#oon on the saws day, and them started to decline. ~This recirding vae
ccxpared with recordings of the mignetostatic instrwments at the Institute
of Tarrestrial Megnetimm end there vas complete ocmPirmity detwsenm the
individual high and low points. However, thers wes no absalute coincidemce
of the figuroe chowing changes in the £iald om both recordings; this wvas
explained by the presence of parasitic electromotive forces in the coil-
fluxmeter circuit.

On 17 Pebruary 1947, am. aurora borealis was observed in Moscow. The
station started observation work from 0300, The record of changes in the
magaetio field during that night is shown on Figure 7.

In comparing the records with the magnetograms of the Institute of BT
Terrsstrial Magnetism, completd coinoidence of the Ligh and lov poiats in the ... i
disturbed £ield could be found, both in regard to value and time. R

The ccamevtiom betwesn the cite¢ geophysicwl phonomensa and changes ir '
the earth's magastio field, ad recorded by owr station, can apperently be .-
explained Ry changes of ionizatiom of the upper atwospheric “layers sad
the movemsat of the 'resulting charges. With regard to the influence of
ligitning ca the carth's magnestic field, this, of course. is the direct
actiom'of the onrremt flowing through a flash of lightaing.

Changes in the earth's magaetic field can be caused by physioal ph-rom-
sy~ oocwrring mot omly in the atmosphere, but in the eartk. Nonstati
thermic, seiemio, and electric processes must tc some ertent affect the
mgnetizatlsm of the rooks composing tkhe upper strata of the earth.

The offsot of change in megmetiixtion of magnetite due to ccaupression
has lomg been establisiod in the laberatory. In the magretic M.saratory
of the Imatitute of Geophysiocs this effect was comfirmed by the research
work of M. A. Grabovekiy, who determined that when s magnetite core ie
wvubjeuted to a measure of 300 kilograms-.per squars centimeter, its magnetization
in stromg fields 1p decreased by 20-25 perceat. Rock farmations, such
as granite,etc., which as a rale comtain graims of magnetits and austaining
great pressures from the strata iyimg above, must chamge their magnetizstiom
if the precsure or elastio isxtemsity varies.

8imce it is quite prohable thnt gsismic phencmsma result fram changes
of elastic imtemsity in plutomic rovks, ome must assume that these plencmenma
are accumpanied by chaages of the n@ﬂiuu_o- of such rocks. .To comfirm
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. this assumption; vs carried out a mumber of explosiona om the.surface of

the soil, ocutside and inside inductiom coils, during April 1947. HNaturally,

the physicel conditions prevailimg at the time of axplorioms om the surface

arg probably very mick differest fitm the physical comditioms at the time

of seismic phemomsns, csused by plutoaic processse. Nevertheless, there is

uadoubtedly a commectlom betwoem the two types of phemcmsns {Figure &

shows recordinmgs of variations im the magmetic field durimg thraee explosioms,

vhich were registered at differsmt speeds of the self-reccrder tape but

reduced to the same ecale of tims ).

The magmeto~geismic effect recordsd or these magnotograms may be explaimed
im two ways: (1) <this effect may be the rosult of pericdic chamgos im
negastization of the soil in the areas of the coil, umder the imfluemce of
pericdically changing elastic imtemsities due to the explosion im the upper
strata of the earth; amd (2) 1t cam be the result of expemsion axd comgression
of the turms of the coil itself umder the imfiuemce of ths explosive vave i
the moil. y :

The ezperimeats mecesgary to determime the astual cause of theme £luctu-
atioms of megaetic curremt through imducticm coils at the times of explosicm
will be carried out.

We are comvimced that im regioms with msgmetic amcmalies, where the
upper strats of the esrth are composed of rocks havimg a fairly high degree
ef maguelization, amy chamgs af the elastisc imtemalty, such as an’ earthquake,
vill cauge chamges im the magmetic field, which can sasily ve recarded by
our iastruments.

In this way, the method of imvestigatimg fime variations of the earth's
field, prepared by the magmetic laboratory of the Imstitute of Geophysics,
makes 1t possidle to show the ccumeotiom betweem a mutber of geophysical’
phonomeas ocourrimg both im the atmosphere and bemeath the earth's crust.

The equipment desmcribed above has the disadvantage that in registering
changes of the field's intensity, the recording is influenced by two types
of interfersnce: firstly, the recording is systematically dlstorted b the
torsional moment of the suspension device of the fluxmeter frame; and, seommdly,
the elestromotive farce rriginating in the coil freom changes in the field
ocan be interfered with by an electramotive force origimating in the gomtects
betveen various metals of the oircuit, and also from changes in temperaturo.

The first cause of error can always be caloulated from the genersl
flurmeter theory developed by us. Ve might mentiom that the amount of
arror tanded by the influence of the torsional moment is very slight; even
with very slow changes in the field it does not exceed 10 percent of the
medgured quantity.

The secand cavse, the parasitic eiectromotive farces in the circuit, can
be opposed in two ways. In the first place, the circuit, induciion cnil-
fluxmeter, should be of one wetal (withoat soldering and with no other
conduotors). At our siation tne euntire cirouit cmmists of red copper. ALl
connections, with the excep>ion ¢f the Junctiors of the leads to the flux-
seter olamps and to the evitoh terminals, are made 1y welling the ccpper
oconduotors. This reduces to a minimm the magnitede of parasitic vlectro-
xotive farces in the circuit, caused by variations in temperature of its

separate parts.

In oases where it is necessary to determine the presence of parasitic
slectromotive forces in the oircuit and their total magnitude, a device
with two jdentical industion colls, ‘placed one on the other oan be used.
In this case,ome coil is connected with cne fluxmeter, and the other ocil
with the other fluxmeter. By sommeoting these ¢oils vwith esck other for a
short “ime dwring the pericd of recarding, ve thur cxolude coopletely the
elsctromutive force arising from changes in the sarth's mamuetic Tield.
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" By this msthod of cohpecting two 1ngustion coils with' each ‘other; the
flummeters will be influenced only by the perasitic elestromctive forges.
In viek of the fact thet thyy bavé a’c ant value during a nors o lees
Prolobged ‘pericd of time; 3§ 16 possible’to register then and make allowances

vhen prosessing the recordings. -

' Gonsequently, when we find it necessary to have axact valnes of the
fiold: &t e certain moament; ths interferances arising From strictoral peouli-
arities of the instruments snd from paresitio olectramotive forces; cen bs
A3sscinted ‘to some extent, end in thls way we oan 4otermine the tiue magni-
tuds ‘of the ohangee in the field. '

‘In oémclnedion, I conyider it necesdary to mmticm the great amount of work
dome ‘in construsting end sstting up the staticn with the equipment tuilt,
adjusted ana tomted by lsboratory and by solentific workefs of the mgnstic
Jaborstory et the Institute of Geophysios of the ‘Acedewy of ‘Bolenges DEER,
‘nemsly; . V. Groshevay, G. M. Ivasov, M. X. Grabovékly, G. N. Petrove,
end especially the head of the laboratory at ths suburbexn bese, Bag 8. V.
Polbaghev. -

[}\'ncndod figuves follow/
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lnf_m Pakhra

v 12 2 2 3 L) 5 6 hours
- Voriations of 2 (27 April 1947) recarded at the
1cal
:;:ﬂm on lgi:n:.:;lmn (near Moscov); -mwh-m: rnmmut‘;.
st Eramaya Pakima o o (e Tostitute of Terrestrial Maguetiem

Pigare 2. Plan of ;
by m':h.:cem@euc Station at the Seophysisal Ipstitute, Academy
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Figure 3. Veriations of the Barth's Pield
(part of resording): thick line, recording of the coil with two turns (sensi-
tivity 0,51y willineters); thin line, recording of the coil with'36 turms
(n_gmi:i:iu; 0.26 Yy millimeters); vertical lines, time marks at cne-mimts
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Figare 5. VYarietions of Z and B During & Thundersterm
Continucus Line, changes of Z; interrupted line, changes of E
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Yigwe 6. Veriations of Z during & Meteorite Shower
~ (9-10 October 19h46)

Figure 7. Variations of Z at the Time of Aurora Berealis (17 Februsry 1947)
(acale in gammas)
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